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Under the Supervision of Professor Jennifer A. Doll
Background: Prostate cancer (PCa) is a leading men’s health concern. It is the
most common cancer diagnosed in American men. Obesity, especially excess visceral
adipose tissue, increases the risk of PCa progression; however, the mechanism is yet
unknown. In addition, studies have demonstrated that the locale of the visceral adipose
depots affects its function and change the levels of secreted products. In PCa patients,
increased thickness of the periprostatic adipose tissue (PPA), a type of visceral adipose
tissue which covers the prostate organ, is positively correlated with progression,
suggesting that this depot may specifically stimulate PCa progression in obese patients.
In this study, I tested the hypothesis that visceral adipose tissue (VAT) secretions, and
specifically PPA tissue secretions, from a mouse model will induce pro-proliferative
activity of microvascular endothelial and PCa cells. This hypothesis was tested by two
aims. The first was quantifying the pro-proliferative activity of subcutaneous (SQA) and
VAT secretions on normal human endothelial cells. The second aim was to measure the
pro-proliferative activity of adipose tissue secretions on PC-3 PCa cells.
ii

Method: SQA and two types of VAT, including visceral fat pad (VFP), and PPA tissues
from wildtype mice C57BI/6 and obese mice were collected. Tissues were minced and
placed in explant cultures in serum-free media. Conditioned media (CM) was collected
after 48 hours of incubation. Human microvascular endothelial cells (HMVEC) were
treated with concentrated CM of each adipose tissue depot. HMVEC and PC-3 cells were
also treated with unconcentrated CM of each adipose depot. The proliferative activity and
total protein concentration of each adipose tissue sample was analyzed via MTT
proliferation and protein quantification assay, respectively. Data from the MTT assay
were analyzed by normalizing them to total protein concentration per gram weight of
each adipose tissue sample. Lipolytic activity of each adipose tissue sample was also
measured by performing a free glycerol assay.
Result: With HMVEC cells, the unconcentrated 100% VAT CM treatment group had
significantly higher cell numbers as compared to the SQA 100% CM or negative control
groups (P-value < 0.001). However, when the CM was concentrated no HMVEC
proliferation was observed with any adipose tissue types that were tested. The 30%
diluted SQA tissue CM also significantly induced proliferation of PC-3 PCa cells (Pvalue ≤ 0.05) as compared to the negative control. However, no proliferation was seen
when a larger sample size was used. Finally, a significant increase in PC-3 PCa cell
proliferation was observed with PPA tissue CM treatment when data was normalized to
total protein concentration per gram weight of each sample (P-value < 0.001 vs. the
negative control). There was also no detectable difference in lipolytic activity between
the SQA, VAT, or PPA tissues.
iii

Conclusion: My results demonstrated that treatment with the PPA tissue secretions
increased PC-3 cell number over that of either the VFP or the SQA tissue secretions.
These data suggest that unique characteristics of the PPA tissue may contribute to PCa
progression.
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INTRODUCTION
The Prostate and Prostate cancer
The prostate is a walnut-sized gland that constitutes a part of the male
reproductive system. The prostate is located under the bladder and in front of the rectum.
The main function of the prostate is to secrete some of the fluid content of semen (CDC,
2013). Family history, older age, and genetic background can increase the likelihood of
developing prostate cancer (PCa) (Hsing et al., 2007). PCa is a leading men’s health
concern. It is the second-most common cancer diagnosed in American men (CDC,
2013a). According to the Centers for Disease Control and Prevention (CDC), PCa is
more common among men older than 65, but the chance of developing PCa increases
after age 50 (CDC, 2014). It has been estimated that 238,590 men are diagnosed with
PCa and 29,270 men among these patients die from the disease in America annually
(Siegel et al., 2013). Genetics, race, and advanced age are the most common risk factors
that are involved with developing PCa, as well as lifestyle factors such as a high fat diet
(CDC, 2002). A study by Xue et al. showed that feeding a Western-style diet (low
calcium and vitamin D, but high in fat content) to C57BL/6J mice for 5 and 16 weeks
increased the proliferation of prostate epithelial cells in the anterior and dorsolateral lobes
of the mouse prostate, but not in ventral lobe of the prostate (Xue et al., 1997). Low grade
PCa is a slow-growing cancer (CDC, 2013); hence, men are usually diagnosed when they
are old and/or they might die from other diseases without even being diagnosed with PCa
(CDC, 2013b). However, high-grade PCa which also affects younger men (Roach et al.,
1999) tends to grow quickly (Gleason 1992). The rate of dying from the disease is also
3% higher in young patients than in older patients (Lin et al., 2009).
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Digital rectal exam (DRE) and the prostate specific antigen (PSA) test are the two
common screening tests that are available for PCa detection (CDC, 2013c). In a DRE, a
doctor can physically check the prostate by inserting his finger into the patient’s rectum
and examine any abnormalities (CDC, 2013c) such as presence of nodules (Simmons et
al., 2011). In PSA testing, elevated levels of PSA in the blood can indicate the presence
of PCa (CDC, 2013c). A PSA level of above 2.5-4 ng/mL is considered to be abnormal
and it is linked to an increased chance of having PCa. Some factors, including enlarged
prostate or inflammation (Nadler et al., 1995), age, race, infection, and certain
medications (CDC, 2013c), can increase the level of PSA in non-prostate cancer men;
thus, the PSA test alone cannot be used to diagnose PCa. Therefore, further follow-up
screening and biopsy is needed to confirm the presence of the tumor (Simmons et al.,
2011). A high PSA level is correlated with a higher grade (Gleason score) PCa, meaning
that men with higher PSA levels have more aggressive PCa (Shih et al., 1992; Thompson
et al., 2004).

The Gleason score is a system used for PCa pathological grading (Andren et al., 2006;
Gleason, 1992). This technique indicates the survival rate based on the histology of the
cancer tissue (Andren et al., 2006; Gleason, 1992). In this technique, the primary and the
secondary patterns, which are the most and second most common patterns of cancer
tissue in the prostate, are assigned a grade ranging from one to five. The sum of these two
grades makes a range of two to ten, which is called the Gleason score. A score of six is
considered to be cancer, and a score of seven or above represents a more aggressive
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tumor (Witte et al., 2000). D’Amico introduced a classification method to aid in the
identification of more aggressive PCa. In the D’Amico classification method, the
combination of the Gleason score, the PSA level, and the size of the tumor were used to
predict the risk of PCa recurrence (D'Amico et al., 1998; Kane et al., 2005).

Obesity in Prostate Cancer
Obesity, the prevalence of which is rapidly growing in the United States, is known to be
associated with aggressive PCa, which tipically leads to death (Freedland and Aronson,
2005; Freedland et al., 2009; Hsing et al., 2007). Obesity is defined as a body mass index
(BMI) of greater than or equal to 30 (Buschemeyer and Freedland, 2007). The majority of
PCa studies examining the relationship with obesity have used BMI and/or waist to hip
ratio for evaluating the amount of adipose tissue in the body (Buschemeyer and
Freedland, 2007). Although these methods cannot differentiate between types of adipose
tissues or their locations in body, they are reasonable methods to measure overall
adiposity (Hsing et al., 2007; Pouliot et al., 1994). Supporting this, increased BMI
correlates with more aggressive PCa (Baillargeon and Rose, 2006; Kane et al., 2005). In
a study by Kane et al., 2,952 normal weight, overweight, and obese PCa patients and PCa
survivors participated. They were classified based on low to high risk PCa using
D’Amico classification and the PSA level that was measured. The study then compared
the groups based on BMI and demographics such as age, ethnicity, education, income,
relationship status, smoking, alcohol, and comorbidities using univariate and multivariate
analysis. The result indicated that normal and even overweight patients are at low risk,
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while obese patients are at high risk, for high-grade PCa (Kane et al., 2005). A review of
large prospective cohort studies by Freedland and Aronson, which monitored healthy
men for 13 to 16 years for medical problems such as obesity and cancer, demonstrated
that the rate of dying from PCa increases as the BMI increases (Freedland and Aronson,
2005). For example one of these studies showed that 20% of obese men with a BMI of
30.0-34.9 kg/m2 died from PCa, while the rate of death from PCa was 14% more among
even more obese men with a BMI of 35.0-39.9 kg/m2 (Freedland and Aronson, 2005).
Some research also suggests that obesity is also a risk factor for PCa, but because of the
complex association, the exact mechanism that is involved is not known yet (Baillargeon
and Rose, 2006).

A high fat diet often leads to obesity, and obesity plays an important role in increasing
the risk of developing many cancers, such as colon, gallbladder, kidney, and pancreatic
cancer (Hsing et al., 2007). While in PCa, where risk is still being studied, it is well
established that a high fat diet and obesity are correlated with more aggressive disease.
Excess body fat is associated with altered metabolism, which may contribute to cancer
progression (Hsing et al., 2007). More than one-third of adults in the United States are
obese (CDC, 2013d); therefore, understanding the interaction between obesity and PCa is
important.
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Adipose tissue depots
There are two types of adipose tissue in mammals’ bodies, white and brown (Gustafson,
2010). White adipose tissue is made up of adipocytes, which are responsible for storing
excess energy as lipids (Fonseca-Alaniz et al., 2007). White adipose tissue can be
generalized by its location as subcutaneous adipose (SQA) tissue, located beneath the
skin, or visceral adipose tissue (VAT), which covers the organs (Fain et al., 2004). These
adipose tissues consist of adipocytes, fibroblasts, macrophages and some other stromalvascular fraction cells. Macrophages and fibroblasts constitute about one-half of the total
cell number (Hausman, 1985).

Adipose tissue depots differ in their production of cytokines and adipokines that are
involved in autocrine, paracrine, and endocrine systems in the body (Greenberg and
Obin, 2006; Tritos and Mantzoros, 1997). Some fat depots are more associated with the
incidence or progression of some diseases than other fat depots (Bjorndal et al., 2011).
For example, excess visceral adipose tissue in the body is linked to many diseases, such
as cardiovascular and type 2-diabetes (Hajer et al., 2008). Hence, the differences between
SQA tissue and VAT are not only limited to their location, but also vary in function and
metabolism (Fonseca-Alaniz et al., 2007). Excess visceral adipose tissue in men is
strongly related with some type of cancers, including colon, esophagus, gallbladder,
kidney, pancreas, rectum, and thyroid (Murphy 2013), and it increases the risk of highgrade PCa (Gong et al., 2006).
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It is now recognized that adipose tissue is an endocrine organ because it produces some
hormones and cytokines such as leptin, interleukin-6 (IL-6), and tumor necrosis factor - α
(TNF-α) (Ahima and Flier, 2000; Fain et al., 2004; Fruhbeck et al., 2001). IL-6 is a key
regulator in immune system. It also plays a role in lipolytic activity and maintains body
weight (Hoene and Weigert, 2008). TNF-α is one of the main mediators of inflammation
(Kern et al., 2001; Suganami et al., 2005), and leptin is a hormone that controls appetite
and regulates energy expenditure to maintain body weight homeostasis (Benoit et al.,
2004; Saglam et al., 2003). Adipose tissue’s endocrine function can be altered by excess
body adipose tissue. The adipose tissue in obese individuals has different levels of
adipokine production, lipid metabolism, and adipocyte differentiation (Kershaw and
Flier, 2004). This is mostly related to individuals’ age, sex, nutrition, and also the ability
to maintaining energy balance by the body’s adipose tissues (Bjorndal et al., 2011;
Wajchenberg, 2000).

The periprostatic adipose (PPA) tissue, which covers the prostate organ, is one type of
visceral adipose tissue. Some studies link excess PPA tissue to aggressive PCa. PPA
tissue thickness increases in obesity, and a clinical study by Bhindi et al. has shown that
patients with thicker PPA tissue have more aggressive PCa (Bhindi et al., 2012). They
indicated that measuring the PPA tissue thickness via transrectal ultrasonography can be
a stronger predictor for aggressive PCa than overall obesity (Bhindi et al., 2012). Another
study has shown that high levels of IL-6 are secreted from the PPA tissue of patients with
a high grade of PCa (Finley et al., 2009). However, the molecular mechanism that is
involved and the unique characteristics of the PPA adipose tissue that promote this
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activity are still unclear. A pilot study by Venkatasubramanian et al., the authors
collected SQA and PPA tissue from lean, overweight, and obese PCa patients during
prostate removal surgery. They found that PPA tissue secretions from obese PCa patients
were more inductive in both endothelial and PC-3 PCa cells in an MTT proliferation
assays than PPA secretions from lean or overweight men and SQA tissues, but lean PPA
tissues were also inductive over the negative control (Venkatasubramanian et al., 2014).
Therefore, PPA tissue seems to contribute to PCa progression.

Obese versus lean adipose tissue
White adipose tissue works as a thermal insulator to maintain body temperature
(Fonseca-Alaniz et al., 2007). In a lean body, white adipose tissue, including SQA and
visceral adipose tissue, can store 200,000- 300,000 kcal for energy. Adipose tissue also
has an endocrine function and it secrete high levels of adipokines such as TNF-α, IL-6,
and leptin. The functional role of these adipokines is diverse and induces regulating
inflammation, cell growth, apoptosis, and motility (Toren et al., 2013; Wang et al., 2012).
However, the secretion level of the adipokines is altered when adipose tissue deposition
increases, as occurs with obesity. Adipose tissue can be expanded by both adipocyte cell
number and size. Each fat cell has a capacity to store 0.7 to 0.8 µg of lipid. If more lipids
are produced in the body, then more fat cells will be generated (Gustafson, 2010).
Therefore, by increasing the number and size of the adipocytes in obesity, the expression
level of some adipokines such as IL-6, TNF-α, and leptin from the adipocytes can also be
elevated.
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Although only 10% of the total body fat is composed of visceral adipose tissue, it has
been shown to be metabolically more active than subcutaneous adipose tissue (Hsing et
al., 2007). Visceral obesity has an influence on cellular pathways and alters hormone
circulations (Mistry et al., 2007). The effect of VAT on cellular pathways could be either
local through autocrine and paracrine mechanisms or via endocrine pathways mechanism.
It could also be related to the metabolic and lipolytic activity of the VAT (Deveaud et al.,
2004; Wajchenberg, 2000; Yang et al., 2008). Alteration in androgen metabolism and
insulin resistance (metabolic syndrome) are examples of these effects (Hsing et al., 2007;
Mistry et al., 2007). Cytokine and hormones are the key regulators in these mechanisms;
therefore, changes in the regulation and secretion level of each adipokine are associated
with some health issues (Hsing et al., 2007; Mistry et al., 2007). Some adipokines
expression is increased with obesity, and a subset of these is known to enhance the
aggressiveness of PCa such as IL-6, leptin and TNF-α (Mistry et al., 2007).

Angiogenesis and Obesity
When adipose tissue expands in the body, the tissue must induce angiogenesis, the
formation of new blood vessels from existing blood vessels. The new blood vessels are
required to transfer oxygen and nutrients to the growing adipose depot (Fried et al. 1998).
Angiogenesis is also a required step for tumor growth and development (Folkman, 1992).
In a normal tissue, there is a balance between pro-angiogenic factors and inhibitory
factors; however, in tumor tissues, alterations in this equilibrium might lead to higher

9

production of pro-angiogenic factors and result in tumor growth (Kerbel, 2000).
Furthermore, a high level of cytokines in the tumor microenvironment could modulate
the expression of some growth factor molecules which enhance tumor growth (Wu,
2012). For example, high levels of leptin cause proliferation of vascular endothelial cells
in vitro and also initiates angiogenesis in vivo (Mistry et al., 2007). Other secreted factors
from obese adipose tissue could also contribute to a net pro-angiogenic function.

Leptin
Circulating leptin in a lean body not only functions to maintain energy balance and
immune system function, but it also plays a role in growth and maintenance of
reproductive tissues, such as prostate tissue (Considine et al., 1996; Mistry et al., 2007).
Expression of leptin has been shown to be elevated with increasing total body adiposity.
Average leptin serum levels in a normal weight body is about 4 ng/ml, while in an obese
body, this level is 10 times higher (40 ng/ml) (Considine and Caro, 1996; Frankenberry et
al., 2004). This elevation might be related to higher insulin levels, which do impact leptin
production (Fantuzzi, 2005). High levels of leptin have been shown to induce vascular
endothelial cell proliferation in vitro. For example, a vitro study by Frankenberry et al.
demonstrated increased DU145 and PC-3 cell proliferation with increasing leptin levels
(Frankenberry et al., 2004). They also observed higher migration activity in these PCa
cells with increasing leptin levels (Frankenberry et al., 2004). Another study, by Onuma
et al., also examined leptin-stimulated growth of different cell lines, including DU145,
PC-3, and LNCaP-FGC. The results, indicated that leptin induces proliferation of
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androgen-independent cells, DU145 and PC-3, but not androgen dependent cell line,
LNCaP-FGC (Onuma et al., 2003).

Interleukin-6 (IL-6)
Plasma IL-6 levels have been shown to be positively correlated with obesity (Kern et al.,
2001). Moreover, a study by Fried et al. on obese human adipose tissues has shown that
for the same number of adipocytes, IL-6 expression is three fold higher in omental VAT
as compared to SQA tissue (Fain et al., 2004; Fried et al., 1998). Circulating IL-6 is
positively associated with adipocyte size and a high BMI. The expression of IL-6 is also
higher in VAT than SQA tissue (Gustafson, 2010). In an in vitro study by Chung et al.,
two androgen- independent PCa cell lines (DU-145 and PC-3) and two androgendependent PCa cell line (LNCaP-ATCC and LNCaP-GW) were tested for cytokine
production levels. The result from this study showed that the androgen-independent PCa
cell lines express higher levels of IL-6 (Chung et al., 1999). In addition, an in vitro study
by Okamoto et al. demonstrated that IL-6 has the ability to induce proliferation in PC-3
and DU-145, via autocrine activity, while IL-6 inhibits LNCaP, via the paracrine system
(Okamoto et al., 1997).

Tumor Necrosis Alpha (TNF-α)
TNF-α is another multifunctional adipokine that is produced by the macrophages in
adipose tissues (Fonseca-Alaniz et al., 2007; Wisse, 2004). Similarly to leptin and IL-6,
the expression of TNF-α is also increased by obesity (Fonseca-Alaniz et al., 2007).
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Unlike the expression of IL-6 and leptin, which is mostly related to visceral obesity,
increased TNF-α expression is related to overall obesity (Cartier et al., 2008). TNF-α has
been shown to increase the production of leptin (Trayhurn and Beattie, 2001) and IL-6
(Fonseca-Alaniz et al., 2007). An in vitro study by Gasparian et al., the authors showed
that TNF-α can induce proliferation of androgen-independent PCa cells via activation of
NF-ƙB which prevents cell apoptosis. In this case NF-ƙB promotes survival signaling,
and therefore promotes PCa proliferation (Gasparian et al., 2002). The precise
mechanism through which obese adipose tissue promotes PCa progression is still unclear,
but theories include (1) alteration in adipokines and hormones such as estrogen,
testosterone and androgen, (2) high levels of pro-inflammatory cytokines such as TNF-α,
(4) through signaling mechanisms associated with insulin resistance, and/or (5) through
increased dietary fat intake which alters free fatty acid levels and function (Mistry et al.,
2007).

Several in vitro studies have shown that, for the same weight of lean adipose tissue, SQA
tissue produces more leptin, IL-6 (Wisse, 2004) and TNF- α (Fonseca-Alaniz et al., 2007;
Fruhbeck, 2006; Steppan et al., 2001) as compared to VAT. A recent study by Fjeldborg
et al. comparing lean and obese human SQA tissue demonstrated that obese SQA tissue
produces more IL-6 and TNF-α than lean SQA tissue (Fjeldborg, 2014). In a study by
Fried et al., IL-6 expression was compared between omental VAT and SQA tissue of 10
obese humans. The result from the explant cultures of the adipose tissue demonstrated
that omental adipose tissue produces three times more IL-6 than SQA tissue (Fried et al.,
1998). The release of IL-6 was also higher from omental isolated adipocytes than SQA
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isolated adipocytes; however, this secretion was only about 10% of the total IL-6 release
from the omental tissue (Fried et al., 1998). Nevertheless, in the case of obesity,
abdominal visceral adipose tissue, which typically makes up only 10% of the total body
fat, is metabolically more active than subcutaneous fat (Hsing et al., 2007). In addition to
the metabolic activity, the rate of lipolysis is also higher in VAT than SQA (Jensen,
2006). Moreover, visceral adiposity is linked to many diseases, such as cardiovascular
(Wajchenberg, 2000), insulin resistance, and type 2 diabetes (Virtanen et al., 2005).

A study by Kern et al. also examined the level of TNF-α expression from both lean and
obese human adipose tissue (Kern et al., 1995). The result revealed that TNF-α levels are
elevated by obesity and the levels, can be decreased by weight loss (Kern et al., 1995).
TNF-α also elevates the expression of other cytokines and hormones, such as IL-6 and
leptin, by adipocytes (Greenberg and Obin, 2006; Kershaw and Flier, 2004; Margetic et
al., 2002). Both IL-6 and TNF-α are secreted by infiltrating macrophages in adipose
tissue and act as paracrine and / or autocrine factors (Gustafson, 2010; Hotamisligil et al.,
1995; Xu et al., 2002). They are also involved in accelerating lipolysis and the secretion
of free fatty acids (FFA) (Gustafson, 2010; Sacca et al., 2012b). Therefore, dysregulated
secretion of cytokines and hormones by visceral adipose tissue, due to obesity, may be
involved in PCa progression (Hsing et al., 2007). More research is needed to identify the
most relevant molecular factors and cellular mechanism that are involved in PCa
progression process during VAT dysfunction.
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A subtype of visceral adipose tissue, the periprostatic adipose (PPA) tissue, which
surrounds the prostate organ, has been investigated for its role in PCa progression. In a
study by Bhindi et al., PPA tissue thickness was measured via transrectal ultrasonography
in 931 patients who underwent a prostate biopsy. This study showed that the thickness of
PPA tissue was a better predictor for developing PCa or for delivering an aggressive form
of the disease in patients than measures of overall obesity (Bhindi et al., 2012).
Furthermore, a study by Finley et al., on PPA tissue taken from PCa patients,
demonstrated that IL-6 is highly expressed by PPA tissue and that the levels positively
correlate with increasing Gleason score of the cancer. Therefore, they suggest that the
high concentration of IL-6 might contribute to PCa aggressiveness (Finley et al., 2009).
Another study, by Sacca et al., compared the activity of secretions collected from PPA
tissues from patients with PCa to patients with benign prostatic hyperplasia on
proliferation, migration, adhesion, and metalloproteinase expression in two PCa cell
lines, LNCap and PC-3 in vitro (Sacca et al., 2012a). Their results indicated that secretion
of pro-metalloproteinases (pro-MMP) from PPA is higher from patients with PCa than in
patients with benign prostate hyperplasia. MMP-9 is an endopeptidase that is involved in
tumor growth and aggressiveness by cleaving molecules such as cytokines and growth
factor (Chambers and Matrisian, 1997; Mira and Gómez-Moutón, 2004; Nelson et al.,
2000). MMP-9 is secreted as pro-MMP-9 which is then cleaved into an active enzyme
(Wilcock et al., 2011). MMP-9 can induce the release of growth factors in addition to
degrading the extracellular matrix; therefore, it creates an environment that maintains
tumor growth and allows for invasion and metastasis (Bergers et al., 2000; Chakrabarti
and Patel, 2005). In addition, MMP-9 expression and activity levels are directly related to
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body adiposity (Bouloumie et al., 2001; Unal et al., 2010). Hence, understanding the role
of factors secreted by the PPA tissue on PCa progression is crucial. Previous data have
shown that the PPA from obese PCa patients is more pro-proliferative on PCa cells
compared to lean PPA and lean or obese SQA tissue depots (Venkatasubramanian et al.,
2014). Studies to date have not compared the effect of all these three adipose tissue
secretions on human normal endothelial or PCa cells. The overarching hypothesis for this
study is that VAT secretions, and specifically PPA tissue secretions, from a mouse model
will induce pro-proliferative activity of microvascular endothelial and PCa cells.

Specific Aim 1
To quantify the pro-proliferative activity of subcutaneous (SQA) and visceral adipose
tissue (VAT) secretions on normal human endothelial cells.
Working hypothesis: VAT will induce more proliferation as compared to SQA, and
tissues from obese mice will have increased proliferative activity as compared to lean
mice.

Specific Aim 2
To measure the pro-proliferative activity of VAT and SQA and PPA tissue secretions on
PC-3 PCa cells.
Working hypothesis: PPA tissue induces more proliferation as compared to that of other
adipose depots tested.
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In the present study, I first analyzed the effect of obesity on pro-proliferative activity of
VAT compared to the SQA tissue of lean and obese mice on human dermal
microvascular endothelia cells (HMVEC). In the next part of the experiment, I compared
the effect of SQA, VAT, and PPA tissue secretions on PCa cell line PC-3. The results
from this research in vitro will show us if the PPA secretions cause more proliferation in
PC-3 cells compared to other adipose depots.
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MATERIALS AND METHODS

Adipose tissue harvests
Two strains of mice, wildtype (WT) C57Bl/6J and obese (ob/ob) mice, B6.CgLepob/J, were used for this study. For the first aim, two experiments were performed, the
first using three mice per group at 6 months of age and the second using five mice per
group at 6 months of age. The adipose tissue secretion samples from the second group
of mice were used in the second aim. The second aim used an additional 7 mice in at 4
months of age. Mice were housed in the Animal Research Center (ARC). Mice were
either obtained from current colonies (WT) or were purchased from Jackson
Laboratories. Mice were fed a regular chow diet ad libitum (Teklad 7912) until they
reached 4 or 6 months of age. Tissue harvests were conducted in the necropsy room in
the ARC. Mice were fasted for 4-6 hours before the tissue harvest. Mice were weighed
and data was recorded. The mice were then euthanized by 1-3% isoflurane inhalation in a
desiccator jar followed by cervical dislocation. For cervical dislocation, the back end of a
tweezers was pushed down and forward on the back of the neck of the animal at the base
of the head. The tail was pulled by the other hand backward at 30ºC to the surface of the
table for dislocation. No heartbeat was felt before a surgical cut was made. A midline
incision through the abdominal skin was then performed. The SQA adipose tissues were
harvested from both sides of animal’s body (near the fore- and hind-limbs) under the
skin. A midline incision was made through the peritoneal lining. The visceral fat pads in
the abdomen were collected, and then the intestinal organs were moved aside to reveal

17

the prostate. The PPA tissue, which covers the prostate organ, was then dissected and
collected. VAT, SQA, and PPA tissues were placed on ice in a 50 ml conical tube on ice
and transferred to the lab for processing.
All procedures were approved by the University of Wisconsin Milwaukee Institutional
Animal Care and Use Committee.

Adipose tissues explant cultures and conditioned media collection
Harvested tissues were immediately processed in the lab for explant cultures. Adipose
tissues were first weighed, and then washed twice in sterile Dulbecco’s phosphate
buffered saline (PBS) in a tissue culture hood. Tissues were processed using sterile
instruments. Tissues were minced into 0.5 mm pieces using scissors, and tweezers were
used to place the minced adipose tissue pieces into a 10 cm or smaller cell culture dish.
Five ml of serum-free Dulbecco’s Modified Eagle Medium (DMEM) containing 1%
penicillin/streptomycin (P/S) was added to each dish. Serum free conditioned media
(CM) were then collected after 48 hours of incubation and stored at 4ºC until use in MTT
assays.

HMVEC and PC-3 PCa cell culture
Human dermal microvascular endothelial cells are a normal human endothelial cell strain,
(HMVEC-d; Lonza). The cells were grown in endothelial growth medium (EBM-2)
containing 10% fetal bovine serum (FBS) and the bullet kit in pre 0.01% gelatinized T75
flasks. The flasks containing cells then were incubated at 37°C with 5% CO2.
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PC-3 is a PCa cell line derived from a human bone metastasis (Kaighn et al., 1979).
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% P/S (Sigma Aldrich) was used as a growth media to maintain PC-3
cells, which were grown at 37°C with 5% CO2.

Proliferation assays
For the proliferation assay, cells were plated in 96 well plates (Corning Inc.). To enhance
cell adherence to the surface of the 96-well plates, they were gelatinized with 0.01%
gelatin (Difco TM Gelatin) overnight. The HMVECs were harvested and counted using a
hemocytometer or a cellometer (Nexcelom). The HMVECs were then re-suspended at a
concentration of 20,000 cells/cm². The growth surface of a 96 well plate was 0.32
cm²/well with a 0.2 ml volume; therefore, 32,000 cells/well were used. The HMVECs
were then plated into a 0.01% gelatinized 96 well plate, that was prewashed with 200 µL
PBS using a multichannel pipette. The plate was then incubated at 37°C with 5% CO2 for
24 hours. The growth media were changed after the overnight incubation. The media
were aspirated from each well and cells were gently washed with 200 µl per well of PBS.
After aspirating the PBS, the cells were then treated with 100 µl per well basal EMB-2
media (serum free media) and incubated for four hours. This starvation step was
performed to synchronize cells in the cell cycle. Meanwhile, the treatment samples (CM
from each adipose tissue type with or without PBS) were prepared on ice at 30, 50, and
100% concentration of CM or at 1-50µg/ml for concentrated media. After 4 hours, the
basal media was aspirated and the treatment samples were added to the appropriate wells.
Samples were tested in duplicate for most samples. Growth media and basal media were
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added each to three wells, as positive and negative controls, respectively. The plate was
then incubated for four days. The plate was checked every day for any contamination. For
the methylthiazol tetrazolium (MTT) assay, the treatment media was aspirated, and the
HMVECS were labeled by adding 100 µL of fresh serum-free culture medium plus 10 µL
of the 12 mM MTT stock solution was added to each well and the plate incubated at 37°C
for 4 hours. After this labeling process, the medium, except for 25 µL, were removed
from the wells and 50 µL of dimethyl sulfoxide (DMSO) was added to each well and
mixed thoroughly with a pipette. After incubating at 37°C for 10 minutes, the plate was
read at 540 nm absorbance on the BIO-Tek Synergy HT plate reader. The absorbance
data for each sample was entered into an excel spreadsheet. Each test sample was
normalized by dividing the absorbance by the gram weight of the corresponding tissue
sample. Normalized data was entered into the Sigma plot program and the mean values
were graphed.

The same proliferation assay was also performed for the PC-3 cells. However, in this
assay, DMEM growth media or DMEM basal media were used to treat these cells. The
concentration of 16,000 cells/ well (20,000 cells/ cm2) was used to plate PC-3 cells into a
0.01% gelatinized 96 well plate.

Lipolysis Assay
Lipolytic activity of conditioned media of each of the three adipose tissue type was
performed via the free glycerol assay (Sigma Aldrich, Saint Louis MO, F6428). The rate
of breakdown of triglycerides to a glycerol and three free fatty acids directly indicated the
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level of lipolysis. Briefly, 800 µL of free glycerol reagent (Sigma F6428) was added to
all the standards (Sigma G7793) and the sample cuvettes. Ten microliter of each standard
was then added to the standards cuvette. 100 µL of each sample conditioned media was
also added to the sample cuvettes. The samples and standards were mixed thoroughly
with a pipette. Ten microliter of mQH2O was also added to two empty cuvettes to be used
as the reagent blanks. The absorbance was read at 540 nm using a spectrophotometer.
The standard curve was performed using the glycerol standard (Sigma Cat# 03008), and
the each sample lipolytic activity was then measured and compared with the standard
curve. The free glycerol data were then normalized to the total cell number.

Concentration of CM
After collecting the conditioned media from each adipose tissue type (VAT, SQA, and
PPA tissue) into a 15 or 50 ml conical tube, the samples were centrifuged at 2500 rpm at
4 °C for 10 minutes to remove any residual cells. The cell free supernatants were
concentrated 5 fold using Millipore Ultra-free membrane (Amicon Ultra, Billerica, MA).
Briefly, the membrane was wet with 5-10 ml of sterile PBS and centrifuged at 2000 x g at
4°C for 10 minutes. Approximately 10 ml of the conditioned media was then added into
the filter unit, and it was centrifuged again at 2000 x g at 4°C for 30-60 minutes. The
filtrate was discarded every 5-10 minutes. All the conditioned media were added to the
membrane and washed with 1-2 volumes of PBS. When the phenol red color of the media
had cleared, the media were centrifuged to concentrate the sample 10 fold compared with
the original media volume. The conditioned media were then collected in a siliconized
microfuge tube to eliminate any protein attachment to the tube wall.
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Protein quantification of CM
The Coomassie dye binding assay was used to detect and quantify the total protein in
samples. The Thermo-Pierce protocol was used to perform this assay. Briefly, about 10
ml of the Coomassie protein assay reagent, which is a dye, was aliquoted into a 15 ml
conical tube. 490 µl of the dye was then added to pre-labeled microfuge tube for both
samples and the standards. 10 µl of PBS then was added to the first standard tube and 10
µl of each standard was also added to the rest of the standard tubes based on the
concentration respectively and mixed with the dye. Specific amount of total protein was
calculated for each sample. 10 µl of each sample was added to the labeled microfuge
tube. The color of the solution in the tubes was compared to the standards to assure the
sample was within the range of the standard curve. If the color of any sample was darker
than the standards, they were diluted with the autoclaved water. 225 µl of each sample
and standard were then added to each well of a 96 well plate in duplicate. Finally, the
plate reader (BioTek, Synergy HT) was used to read the plate at 595 nm. The KC-4
program produced the standard curve based on the standards and the mean concentrations
of the samples.

STATISTICAL ANALYSIS
Student t-tests was used to compare the HMVEC and PCa cell proliferation induced by
VAT, SQA, and PPA tissue secretions at each dose. In addition, each of these groups
was compared between lean and obese tissues. Within in a tissue, a dose response of the
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samples was assessed by analysis of variance (ANOVA). P-value ≤ 0.05 was considered
statistically significant.
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RESULTS

Concentrated adipose conditioned media (CM) did not induce proliferation of a
human normal endothelial cell lines.
Direct direct effect of secretions from adipose tissues on PCa cells or endothelial
cells has not been well studied, therefore, to evaluate the pro-angiogenic effects of obese
adipose tissue on human normal endothelial cells, and to investigate if VAT has more of
a pro-proliferative effect on these cells as compared to SQA tissue, I first treated
HMVEC cells with either lean or obese concentrated VAT and SQA tissue CM at 1 – 50
µg/ml for five days and measured proliferation using an MTT assay.

In my initial experiment, I tested 10 and 50 µg/ml total protein. As seen in Figure 1a and
1c, not only did the samples not induce proliferation, at the 50 µg/ml dose, the CM
slightly inhibited proliferation in both the wildtype and obese mice samples and in both
the SQA and visceral fat pad (VFP) tissue samples CM (P-value ≤ 0.01). Therefore, I
reduced the concentration of the CM to 1 and 5 µg/ml, and tested HMVEC proliferation
again as above. With these doses, again, no pro-proliferative activity was observed
(Figure 1b,d), and the obese SQA CM, at the 5 µg/ml dose, slightly inhibited
proliferation (Figure 1b) (P-value ≤ 0.003).

24

Figure 1. Concentrated adipose tissue serum-free conditioned media (CM) did not induce
proliferation of human microvascular endothelial cells (HMVEC). Adipose tissue explant culture CM
were collected from (a,b) subcutaneous (SQA) or (c,d) abdominal visceral fat pad (VFP) tissues from
wildtype or obese mice (n=3 per group) and concentrated 10 fold. The concentrated CM were tested on
HMVEC at different dosages [50, 10 (a,c), 5 and 1 (b,d) µg/ml] for 5 days, then an MTT assay was
performed. In (a) WT SQA 50 µg/ml; +P-value ≤ 0.01 vs. the negative control. In (b) obese SQA 5 µg/ml;
*P-value ≤ 0.003 vs. WT SQA 5 µg/ml. In (c) WT VFP 50 µg/ml; +P-value ≤ 0.001 vs. the negative
control. In (c) obese VFP 50 µg/ml; +P-value ≤ 0.004 vs. the negative control. In (d) there was no
significant result.

Unconcentrated visceral fat pad (VFP) conditioned media (CM) from lean mice
induced proliferation of human microvascular endothelial cells.
In the initial experiments, with concentrated CM, I did not observe any proliferation in
the HMVEC cells. While analyzing these results, one difference that I noted between my
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study and the Venkatasubramanian study (Venkatasubramanian et al., 2014), was that
the authors used unconcentrated CM from the human adipose tissue samples in that
study. Therefore, I tested the proliferation of HMVECs using un-concentrated CM of
each adipose tissue type of lean (wildtype) mice at three different dosages, 30%, 50%,
and 100% CM. As shown in figure 2, the VFP from WT mice at 100% significantly
induced proliferation as compared to the negative control and to the SQA CM at 100%
(P-value < 0.001, n=5). At the lower doses of VFP (30, 50%) and the 50% dose of SQA,
there was statistically significant inhibition of HMVEC proliferation; SQA (Figure 2; Pvalue< 0.001), VFP at the 30% dose (P-value ≤ 0.02), and VFP 50% (P-value ≤ 0.001)
(Figure 2). We showed that wildtype VAT secretions have the ability to induce HMVECs
at high dose when it is not concentrated, but at lower doses, appeared to inhibit the
proliferation. These data confirmed the effect of visceral adipose tissue on cell
proliferation.
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Figure 2. Unconcentrated visceral fat pad (VFP) conditioned media (CM) from lean mice induced
proliferation of human microvascular endothelial cells. HMVEC cells were treated with unconcentrated
VFP or subcutaneous adipose (SQA) tissue CM from wildtype or obese mice at different dosages (30%,
50%, and 100%; n=5 per group). An MTT assay was performed on day 5. There was a significant
proliferation from VFP 100% *P-value < 0.001 vs. SQA 100% and the negative control. There was
significant inhibition from SQA 50%; +P-value ≤ 0.001, VFP 30%; +P-value ≤ 0.02, and VFP 50%; +Pvalue ≤ 0.001 vs. the negative control.

Unconcentrated subcutaneous adipose (SQA) tissue conditioned media (CM)
induced human PCa cell line, PC-3, proliferation cells at 30% dilution but not at full
concentration.
As angiogenesis is just one mechanism of pro-tumorigenic activity of the adipose tissue
secretions, I also tested their effects on PC-3 PCa cells. I plated the PC-3 cells at
concentration of 16,000 cells/ well and treated them with the same VAT and SQA tissue
secretions as used previously on the HMVECs (30%, 50% and 100%) for five days. I
assessed proliferation using an MTT assay as above. While most samples were analyzed
in duplication, for some samples, there was only enough CM to run in in a single well.
However, a total of 5 mice were analyzed per group. As seen in figure 3, only SQA at the
30% dose induced PC-3 cell proliferation significantly as compared to the negative
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control (Figure 3; P-value ≤ 0.05). No other concentration in the SQA CM or any of the
VFP samples had a significant effect (Figure 3).

Figure 3. Unconcentrated subcutaneous adipose (SQA) tissue conditioned media (CM) induced
human PC-3 prostate cancer cell proliferation only at 30% dilution. The PC-3 cells were treated with
unconcentrated subcutaneous adipose (SQA) tissue or VFP CM from wildtype (lean) mice at different
dosages (30%, 50%, and 100%; n=5 per group). An MTT assay was performed on day 5. Most samples
were run in duplicate; however, the CM from some mice had only enough CM to run in a single well.
However, multiple mice were included in each group. The significant proliferation was seen from SQA
30% *P-value <0.05 vs. the negative control.

Unconcentrated periprostatic adipose (PPA) tissue CM from lean mice induced
human prostate cancer cell line, PC-3 cells.
The previous study by Venkatasubramanian et al. have demonstrated that both
endothelial and PCa cell proliferation were significantly induced when they were treated
with obese human PPA tissue secretions (Venkatasubramanian et al., 2014). In mice, very
little PPA tissue can be obtained. However, based on the discrepancy between my
analysis of VFP and the human study, I collected PPA and compared it to the effects of
both SQA and the VFP tissue secretions. PC-3 cells were plated as above, and then
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treated with doses of 30%, 50%, and 100% CM issue type secretions for five days. An
MTT proliferation assay was then performed. In this experiment, when raw data were
analyzed only the SQA tissue CM at 30% induced PC-3 cell proliferation significantly
(Figure 4; P-value < 0.04, n=2).

Figure 4. Unconcentrated SQA tissue conditioned media from lean mice induced human prostate
cancer cell line, PC-3 cells at 30% concentration (4 months old mice, n=2 mice). The previous
experiment was repeated, the only significant cause of PC-3 cells proliferation was SQA 30%; *P-value <
0.04 vs. the negative control. Significant differences in proliferation of PC-3 cells were also observed from
SQA 30%; P-value ≤ 0.001 vs. VFP 30%. Also, SQA 30%; P-value ≤ 0.01 vs. PPA 30%. The VFP 30%
was also significant as compared to the PPA 30% (P-value ≤ 0.01).

PC-3 cells were treated with conditioned media from five more wildtype mice, but
no significant proliferation was seen.
The same experiment was repeated testing a larger sample size to achieve a more
accurate result. The PC-3 cells were plated and treated the same way as mentioned above.
No significant induction was observed in PC-3 cell proliferation after treating them with
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the three doses of each adipose tissue types. Nevertheless, inhibition was observed in PC3 cells treated with VFP 50% (Figure 5; P-value ≤ 0.04), PPA 50% and 100% (P-value ≤
0.02) as compared to the negative control (Figure 5).
Based on figure 4 and 5, despite the study by Venkatasubramanian et al. my study did not
show any proliferation of PC-3 cells by any adipose tissue type CM except SQA 30%. As
the amount of tissue collected between depots varies, with PPA being the least amount of
tissue, I normalized the proliferation data per total protein content in the CM samples.

Figure 5. The same experiment was performed from different adipose tissues CM of 5 mice on PC-3
cells. The result indicated a significant Inhibition of PC-3 cells from PPA 50%; +P-value < 0.02 vs. the
negative control. PPA 100%; +P-value <0.02 vs. the negative control. VFP 50%; +P-value ≤ 0.04 vs. the
negative control. Significant inhibition was also seen from VFP 100%; P-value ≤ 0.05 vs. PPA 100%.
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The wildtype PPA unconcentrated conditioned media induced proliferation of
human PC-3 prostate cancer cells.
In order to determine the amount of total protein content in the CM samples, a Coomassie
dye binding assay was performed for all seven mice that we had tested their adipose
tissue secretions on PC-3 cells previously. The MTT proliferation assay data was then
normalized to total protein concentration of each sample and graphed. Significant
induction in PCa proliferation was observed via PPA CM at all three doses of 30, 50, and
100%. This induction was more than two fold than either SQA or VFP samples (Figure 6;
P-value < 0.001, n=7).
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Figure 6. Normalized results of unconcentrated conditioned media (CM) demonstrate that
periprostate adipose (PPA) tissues induced proliferation of human PC-3 prostate cancer cells. The
PC-3 cells were treated with unconcentrated adipose tissue CM from wildtype mice or obese mice (n=7 per
group) at different dosages (30%, 50%, and 100%) for 5 days, then the MTT assay was performed. Total
protein concentration of each sample was obtained via a Coomassie dye binding assay. The MTT data was
normalized to total protein concentration for each sample and graphed. *P-value <0.001.

There were no significant differences between lipid catabolic rates of each adipose
tissue.
Free glycerol levels of SQA, VFP, and PPA tissue CM of five wildtype mice were
measured via a lipolysis assay. The glycerol values were then normalized to gram weight
of each adipose tissue sample. No differences in lipolytic rates were observed between
the adipose tissue depots (Figure 7).
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Figure 7. There were no significant differences between lipid catabolic rate of each adipose tissue.
Lipolysis, the rate of triglyceride breakdown, was measured for each adipose tissue depot using a free
glycerol assay. The glycerol values were then normalized to gram weight of each adipose tissue sample.
No significant differences in lipolytic rates were observed between the tissue depots.
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DISCUSSION

Several studies demonstrate that visceral obesity is directly associated with
aggressive PCa (Kane et al., 2005; Mistry et al., 2007). Some proteins including; leptin,
IL-6, and TNF-α are produced by adipose tissues, and higher amounts of these substances
are produced with obesity (Fonseca-Alaniz et al., 2007), when the size and number of the
adipocytes increases.

Several studies have linked PCa aggressiveness to the higher

production of these cytokines and hormones via obese adipose tissues (Mistry et al.,
2007). Recent research has shown that increases thickness of PPA tissue positively
correlates with PCa aggressiveness (Bhindi et al., 2012) and that the PPA secretes high
levels of IL-6 (Finley et al., 2009). In addition, one study has shown that human PPA
secretions induce proliferation of both PCa cells and of endothelial cells
(Venkatasubramanian et al., 2014). The goal of this study was to determine if PPA tissue
secretions from a mouse model induce pro-proliferative activity in PCa cells and
microvascular endothelial cells as compared to the abdominal visceral adipose tissue or
subcutaneous adipose tissue.

Specific Aim 1
To quantify the pro-proliferative activity of subcutaneous (SQA) and visceral adipose
tissue (VAT) secretions on normal human endothelial cells.
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Working hypothesis: VAT will induce more proliferation as compared to SQA, and
tissues from obese mice will have increased proliferative activity as compared to lean
mice.
In my initial experiment, I treated normal human microvascular endothelial cells with
either VAT or SQA tissue secretions. This experiment was performed for multiple
reasons. First, I needed to determine if mouse adipose tissue CM could induce
proliferation in human cells.

Secondly, I specifically wanted to determine if the

secretions from either tissue were pro-angiogenic. Thirdly, I wanted to establish if this
angiogenic activity differed between adipose depots, SQA versus VAT secretions.
Lastly, I aimed to establish a dose range for this activity and subsequent experiments. In
the first experiment, concentrated CM (10-fold) was used. I tested a range of doses from
1 to 50 µg/ml of the CM. The result indicated that the doses of 10 and 50 µg/ml of the
CM actually inhibited HMVECr proliferation, rather than induce it. The same experiment
was then performed using 1 and 5 µg/ml, and again, there was no significant increase in
proliferation at these lower doses. These data are not consistent with the study by
Venkatasubramanian et al study, which showed that, CM from lean patients did induce
proliferation of HMVECs above that of basal media. One difference between these
studies is that I used visceral fat pad secretions while Venkatasubramanian et al. (2014)
specifically used PPA tissue, which is a subtype of VAT. Another difference is that they
used unconcentrated serum free CM in their study. Thus, it was possible that
concentrating the CM might affect the CM activity as there maybe bioactive factors in
unconcentrated CM that are destroyed or weakened during concentration or it may
concentrate an inhibitory factor.
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Therefore, in the next part of the study, I collected additional samples and assessed
HMVEC proliferation using unconcentrated CM. Each CM was used undiluted (100%
dose) or diluted with basal media to achieve the doses of 30% or 50% dilutions to obtain
a dose response. In contrast to the first part of the study, a significant induction of
proliferation was seen in the undiluted (100%) VAT secretions. This observation is
consistent with that of Venkatasubramanian et al. (2014), and it supports the hypothesis
that visceral adipose tissue secretions are more pro-angiogenic than SQA tissue
secretions. This increased pro-angiogenic activity may be due to differences in the
expression level of adipokines in these different adipose depots (Greenberg and obin,
2006). For example the expression level of IL-6 is higher from VAT than SQA tissue
(Gustafson, 2010), and IL-6 is an established pro-angiogenic factor (Lazar-Molnar et al.,
2000 and Wani et al., 2011). Thus, based on my observations and the results of reported
studies, it is possible that the increased angiogenic activity I observed in the VAT
samples is due to the high levels of IL-6 produced by this tissue. Future studies will be
needed to specifically test this hypothesis. In addition, future studies should also compare
tissues from lean versus obese mouse models to determine if VAT tissues from obese
mice are more pro-angiogenic as compared to lean mouse tissues, as was shown for
human tissues (Venkatasubramanian et al. 2014).

Specific Aim 2
To measure the pro-proliferative activity of VAT and SQA and PPA tissue secretions on
PC-3 PCa cells.
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Working hypothesis: PPA tissue induces more proliferation as compared to that of other
adipose depots tested.

In the next part of the study, I treated human PC-3 PCa cells with the unconcentrated
SQA tissue and VAT CM collected above. In this initial assay, CM of SQA tissue at the
30% dilution enhanced the proliferation of PC-3 cells significantly as compared to
untreated cells. This was also significant as compared to the CM of VAT at the 30%
dilution.

However, the VAT secretions did not induce PC-3 cell proliferation as

expected. I expected this result based on the Venkatasubramian et al. study where human
VAT induced PC-3 cell proliferation (Venkatasubramian et al., 2014). However, in the
Venkatasubramian et al. study, the authors specifically tested PPA tissue as the visceral
adipose tissue source (Venkatasubramian et al., 2014). In my initial study, I used the
visceral fat pad as the visceral adipose tissue source. Thus, I hypothesized that the locale
that the visceral adipose tissue was taken was a key factor in activity level.

Although it is difficult to collect PPA from mice, and very little tissue can be obtained, to
determine if PPA tissue is distinct from the abdominal VAT, I collected PPA, VAT, and
SQA tissue from additional mice. I treated PC-3 PCa cells with unconcentrated SQA,
VAT, and PPA tissue CM collected from five mice at three doses, 30%, 50%, and 100%.
The raw data showed no increase in proliferation over that of the basal media, and in fact
showed a decrease in cell number with the PPA secretions as compared to the negative
control.

This was not consistent with the published study on human tissues

(Venkatasubramian et al, 2014).

However, I also noted that in this study, they
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normalized the pro-proliferative activity. Therefore, it seemed appropriate to normalize
the data in my study to provide a more precise means of comparison between the tissues.
Therefore, I normalized the proliferation data per total protein content in the CM samples
per gram weight of tissue, both standard measures by which data are normalized. The
graphed normalized data revealed that, per µg total protein, the PPA tissues secretions
induced higher cell numbers as compared to the VAT or SQA tissue secretions. This
proliferation from PPA tissue was more than two fold higher as compared to other
adipose depots. These data are consistent with the Venkatasubramanian et al. study which
showed that CM from PPA from lean PCa patients induced proliferation of PC-3 cells
(Venkatasubramanian et al., 2014).

My study is the first to confirm the Venkatasubramian findings in a mouse model. While
these data show that PPA tissue secretions support a pro-proliferative microenvironment,
they do not delineate a mechanism of this activity. In a study by Finely et al., the authors
showed that the PPA tissue produced high levels of IL-6 and this level correlated with
high tumor grade (Finely et al., 2009). Moreover, Riberio et al. indicated that PCa
provides a favorable microenvironment for PPA tissue to become metabolically more
active. This cellular crosstalk between tumor cells and the PPA tissue cells stimulates and
increases the secretion level of some adipokines, such as IL-6 and TNF-α which lead to
PCa aggressiveness (Ribeiro et al., 2012). In another study, the level of pro-MMP-9 was
reported to be higher in PPA tissue sample from PCa patients as compared to that of
benign prostate hyperplasia (Sacca et al., 2012a), and increased MMP-9 has been
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implicated in PCa metastasis (Johnson et al., 2010). Therefore, these characteristics of the
PPA tissue may explain the results of my experiments.

Another mechanism that could be involved in tumor progression is increased fatty acid
availability. Obese adipose tissue is known to secrete higher levels of fatty acids (de
Ferranti and Mozaffarian, 2008). For example, elevated level of IL-6 was shown to
induce lipolysis in VAT, which increases the release of FFA (Pradhan et al., 2001).
Higher production of FFA is directly associated with insulin resistance (Boden G, 2011).
Insulin is a key regulator of growth (Hsu et al., 2007); therefore, a higher amount of
insulin due to insulin resistance could increase PCa cell proliferation. Moreover, high
level of insulin can lead to activation of some growth hormones, including insulin-like
growth factor (IGF) (Friedrich et al., 2012). IGF is known to have a mitogenic effect
(Frasca et al., 1999; Hsu et al., 2007). Hence, these cellular mechanisms could enhance
proliferation of some cancer cells. For example, an epidemiologic study by Manousos et
al. demonstrated that there is direct link between serum IGF-1 and IGF-II and colorectal
cancer (Manousos et al., 1999). The IGF-I can also increase the level of vascular
endothelial growth factor (VEGF) which leads to angiogenesis (Fukuda et al., 2002;
Stearns et al., 2005). Thus, increased levels of FFA from the PPA could contribute to PCa
progression.

Therefore, in the last part of my research, I measured the lipolytic activity of each
adipose tissue depot. The lipolysis assay was performed as a measure of the level of FFA
produced from triglycerides by each adipose tissue type. Since in a human subjects study
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the rate of lipolysis was reported to be higher in VAT than SQA tissue (Jensen, 2006), I
expected to observe a higher lipolytic activity from the VAT and PPA tissues as
compared to the SQA tissues. However, no significant differences were observed
between the mean value of the SQA, VAT, and PPA tissue’s lipolytic activity. One likely
explanation for this difference might be related to the nature of the models. Smaller
amount of adipose tissue can be collected from mice than human. Jensen used human
subjects, while I used mouse tissues.
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CONCLUSION
The role of secretions from three adipose tissue types, including SQA, VAT, and
PPA were compared for pro-proliferative activity on human PCa cell line PC-3. It was
hypothesized that secretions from VAT, and PPA tissue, a subtype of VAT, have a
promoting effect on PCa progression as compared to that of abdominal VAT or SQA
tissue secretions. For the first specific aim, the effect of abdominal VAT and SQA tissue
secretions from lean mice on HMVEC was tested. The proliferation result from these
samples at different concentrations did not indicate any significant proliferation of
HMVECs. However, unconcentrated CM from the VAT at the 100% dose significantly
induced HMVEC proliferation.

Specific aim 2 was focused on pro-proliferative activity of SQA, VAT, and PPA tissue
secretions on PC-3 cells. The normalized proliferation data showed that the PPA tissue
secretions at all three doses produced higher cell numbers, two-fold higher, as compared
to the SQA and VAT secretions. Finally the lipolytic activity of SQA, VAT, and PPA
tissue was measured, but no significant difference was seen between the FFA levels of
these three adipose depots. In summary, my data supported my hypothesis that PPA
tissue from a mouse model had similar characteristics to that taken from human tissues in
that it induced pro-proliferative activity of PCa cells.

41

BIBLIOGRAPHY
Ahima, R.S., and Flier, J.S. (2000). Adipose tissue as an endocrine organ. Trends in
endocrinology and metabolism: TEM 11, 327-332.
American Cancer Society. (2014). What are the key statistics about prostate cancer?
Accessed 3/14/14
http://www.cancer.org/cancer/prostatecancer/detailedguide/prostate-cancer-keystatistics
Andren, O., Fall, K., Franzen, L., Andersson, S.O., Johansson, J.E., and Rubin, M.A.
(2006). How well does the Gleason score predict prostate cancer death? A 20-year
followup of a population based cohort in Sweden. The Journal of urology 175,
1337-1340.
Baillargeon, J., and Rose, D.P. (2006). Obesity, adipokines, and prostate cancer (review).
International journal of oncology 28, 737-745.
Benoit, S.C., Clegg, D.J., Seeley, R.J., and Woods, S.C. (2004). Insulin and leptin as
adiposity signals. Recent progress in hormone research 59, 267-285.
Bergers, G., Brekken, R., McMahon, G., Vu, T.H., Itoh, T., Tamaki, K., Tanzawa, K.,
Thorpe, P., Itohara, S., Werb, Z., et al. (2000). Matrix metalloproteinase-9 triggers
the angiogenic switch during carcinogenesis. Nature cell biology 2, 737-744.
Bhindi, B., Trottier, G., Elharram, M., Fernandes, K.A., Lockwood, G., Toi, A., Hersey,
K.M., Finelli, A., Evans, A., van der Kwast, T.H., et al. (2012). Measurement of
peri-prostatic fat thickness using transrectal ultrasonography (TRUS): a new risk
factor for prostate cancer. BJU international 110, 980-986.
Bjorndal, B., Burri, L., Staalesen, V., Skorve, J., and Berge, R.K. (2011). Different
adipose depots: their role in the development of metabolic syndrome and
mitochondrial response to hypolipidemic agents. Journal of obesity 490650.
Boden G. (2011). obesity, insulin resistance and free fatty acids. Current Opinion
Endocrinology Diabetes Obesity 18: 139–143.
Bouloumie, A., Sengenes, C., Portolan, G., Galitzky, J., and Lafontan, M. (2001).
Adipocyte produces matrix metalloproteinases 2 and 9: involvement in adipose
differentiation. Diabetes 50, 2080-2086.
Buschemeyer, W.C., 3rd, and Freedland, S.J. (2007). Obesity and prostate cancer:
epidemiology and clinical implications. European urology 52, 331-343.

42

Cartier, A., Lemieux, I., Almeras, N., Tremblay, A., Bergeron, J., and Despres, J.P.
(2008). Visceral obesity and plasma glucose-insulin homeostasis: contributions of
interleukin-6 and tumor necrosis factor-alpha in men. The Journal of clinical
endocrinology and metabolism 93, 1931-1938.
Center for Disease control and prevention. (2002). Male Genitourinary Malignancies.
Accessed.3/14/14.
http://www.cdc.gov/cancer/npcr/training/nets/module10/nets10_2.pdf
Center for Disease control and prevention. (2013). Prostate Cancer. Accessed 3/3/14.
http://www.cdc.gov/cancer/prostate/basic_info/screening.htm
Center for Disease control and prevention. (2013a). Cancer Prevention and Control.
Accessed 3/3/14. http://www.cdc.gov/cancer/dcpc/data/men.htm
Center for Disease control and prevention. (2013b). Information about Prostate Cancer.
Accessed 3/09/14 http://www.cdc.gov/cancer/prostate/basic_info/
Center for Disease control and prevention. (2013c). What Screening Tests Are There?
Accessed 3/14/14. http://www.cdc.gov/cancer/prostate/basic_info/screening.htm
Center for Disease control and prevention. (2013d). Prostate Cancer Statistics. Accessed
3/13/14. http://www.cdc.gov/cancer/prostate/statistics/
Center for Disease control and prevention. (2006). Highlights in Minority Health
& Health Disparities. Accessed 3/09/14.
http://www.cdc.gov/omhd/highlights/2006/HJune06.htm#4
Chakrabarti, S., and Patel, K.D. (2005). Matrix metalloproteinase-2 (MMP-2) and MMP9 in pulmonary pathology. Experimental lung research 31, 599-621.
Chambers, A.F., and Matrisian, L.M. (1997). Changing views of the role of matrix
metalloproteinases in metastasis. Journal of the National Cancer Institute 89,
1260-1270.
Chung, T.D., Yu, J.J., Spiotto, M.T., Bartkowski, M., and Simons, J.W. (1999).
Characterization of the role of IL-6 in the progression of prostate cancer. The
Prostate 38, 199-207.
Considine, R.V., and Caro, J.F. (1996). Leptin in humans: current progress and future
directions. Clinical chemistry 42, 843-844.
Considine, R.V., Sinha, M.K., Heiman, M.L., Kriauciunas, A., Stephens, T.W., Nyce,
M.R., Ohannesian, J.P., Marco, C.C., McKee, L.J., Bauer, T.L., et al. (1996).
Serum immunoreactive-leptin concentrations in normal-weight and obese
humans. The New England journal of medicine 334, 292-295.

43

D'Amico, A.V., Whittington, R., Malkowicz, S.B., Schultz, D., Blank, K., Broderick,
G.A., Tomaszewski, J.E., Renshaw, A.A., Kaplan, I., Beard, C.J., et al. (1998).
Biochemical outcome after radical prostatectomy, external beam radiation
therapy, or interstitial radiation therapy for clinically localized prostate cancer.
JAMA : the journal of the American Medical Association 280, 969-974.
de Ferranti, S., Mozaffarian, D. (2008). The perfect storm: obesity, adipocyte
dysfunction, and metabolic consequences. Clinical Chemistry 54:945-55.
Deveaud, C., Beauvoit, B., Salin, B., Schaeffer, J., and Rigoulet, M. (2004). Regional
differences in oxidative capacity of rat white adipose tissue are linked to the
mitochondrial content of mature adipocytes. Molecular and cellular biochemistry
267, 157-166.
Fain, J.N., Madan, A.K., Hiler, M.L., Cheema, P., and Bahouth, S.W. (2004).
Comparison of the release of adipokines by adipose tissue, adipose tissue matrix,
and adipocytes from visceral and subcutaneous abdominal adipose tissues of
obese humans. Endocrinology 145, 2273-2282.
Fantuzzi, G. (2005). Adipose tissue, adipokines, and inflammation. The Journal of allergy
and clinical immunology 115, 911-919; quiz 920.
Finley, D.S., Calvert, V.S., Inokuchi, J., Lau, A., Narula, N., Petricoin, E.F., Zaldivar, F.,
Santos, R., Tyson, D.R., and Ornstein, D.K. (2009). Periprostatic adipose tissue as
a modulator of prostate cancer aggressiveness. The Journal of urology 182, 16211627.
Fjeldborg, K., Pedersen, S. B., Møller, H., J., Christiansen, T., Bennetzen, M., and
Richelsen, B. (2014). Human Adipose Tissue Macrophages Are Enhanced but
Changed to an Anti-Inflammatory Profile in Obesity Immunology Research 2014.
Folkman, J., (1992). The role of angiogenesis in tumor growth. Seminar in Cancer
Biology. 3, 65-71.
Fonseca-Alaniz, M.H., Takada, J., Alonso-Vale, M.I., and Lima, F.B. (2007). Adipose
tissue as an endocrine organ: from theory to practice. Jornal de pediatria 83,
S192-203.
Frankenberry, K.A., Somasundar, P., McFadden, D.W., and Vona-Davis, L.C. (2004).
Leptin induces cell migration and the expression of growth factors in human
prostate cancer cells. American journal of surgery 188, 560-565.
Frasca, F., Pandini, G., Scalia, P., Sciacca, L., Mineo, R., Costantino, A.,
Goldfine, I.D., Belfiore, A., and Vigneri, R. (1999). Insulin receptor isoform A, a
newly recognized, high-affinity insulin-like growth factor II receptor in fetal and
cancer cells. Mol Cell Biol 19, 3278-3288.

44

Freedland, S.J., and Aronson, W.J. (2005). Obesity and prostate cancer. Urology 65, 433439.
Freedland, S.J., Eastham, J., and Shore, N. (2009). Androgen deprivation therapy and
estrogen deficiency induced adverse effects in the treatment of prostate cancer.
Prostate cancer and prostatic diseases 12, 333-338.
Fried, S.K., Bunkin, D.A., and Greenberg, A.S. (1998). Omental and subcutaneous
adipose tissues of obese subjects release interleukin-6: depot difference and
regulation by glucocorticoid. The Journal of clinical endocrinology and
metabolism 83, 847-850.
Friedrich, N., Thuesen, B., Jorgensen, T., Juul, A., Spielhagen, C., Wallaschofksi, H., and
Linneberg, A. (2012). The association between IGF-I and insulin resistance: a
general population study in Danish adults. Diabetes care 35, 768-773.
Fruhbeck, G. (2006). Intracellular signalling pathways activated by leptin. The
Biochemical journal 393, 7-20.
Fruhbeck, G., Gomez-Ambrosi, J., Muruzabal, F.J., and Burrell, M.A. (2001). The
adipocyte: a model for integration of endocrine and metabolic signaling in energy
metabolism regulation. American journal of physiology Endocrinology and
metabolism 280, E827-847.
Fukuda, R., Hirota, K., Fan, F., Jung, Y.D., Ellis, L.M., and Semenza, G.L. (2002).
Insulin-like growth factor 1 induces hypoxia-inducible factor 1-mediated vascular
endothelial growth factor expression, which is dependent on MAP kinase and
phosphatidylinositol 3-kinase signaling in colon cancer cells. The Journal of
biological chemistry 277, 38205-38211.
Gasparian, A.V., Yao, Y.J., Kowalczyk, D., Lyakh, L.A., Karseladze, A., Slaga, T.J., and
Budunova, I.V. (2002). The role of IKK in constitutive activation of NF-kappaB
transcription factor in prostate carcinoma cells. Journal of cell science 115, 141151.
Gleason, D.F. (1992). Histologic grading of prostate cancer: a perspective. Human
pathology 23, 273-279.
Gong, Z., Neuhouser, M.L., Goodman, P.J., Albanes, D., Chi, C., Hsing, A.W., Lippman,
S.M., Platz, E.A., Pollak, M.N., Thompson, I.M., et al. (2006). Obesity, diabetes,
and risk of prostate cancer: results from the prostate cancer prevention trial.
Cancer epidemiology, biomarkers & prevention : a publication of the American
Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology 15, 1977-1983.

45

Greenberg, A.S., and Obin, M.S. (2006). Obesity and the role of adipose tissue in
inflammation and metabolism. The American journal of clinical nutrition 83,
461S-465S.
Gustafson, B. (2010). Adipose tissue, inflammation and atherosclerosis. Journal of
atherosclerosis and thrombosis 17, 332-341.
Hajer G.R., van Haeften, T.W., Visseren, F.L. (2008). Adipose tissue dysfunction in
obesity, diabetes, and vascular diseases. Eur Heart J 29(24), 2959-2971
Hausman, G.J. (1985). The comparative anatomy of adipose tissue. In: New Perspectives
in Adipose Tissue: Structure, Function and Development. Van RLR London:
Butterworths, 1-21.
Hotamisligil, G.S., Arner, P., Caro, J.F., Atkinson, R.L., and Spiegelman, B.M. (1995).
Increased Adipose-Tissue Expression of Tumor-Necrosis-Factor-Alpha in Human
Obesity and Insulin-Resistance. Journal of Clinical Investigation 95, 2409-2415.
Hsing, A.W., Sakoda, L.C., and Chua, S., Jr. (2007). Obesity, metabolic syndrome, and
prostate cancer. The American journal of clinical nutrition 86, s843-857.
Hsu, I.R., Kim, S.P., Kabir, M., and Bergman, R.N. (2007). Metabolic syndrome,
hyperinsulinemia, and cancer. The American journal of clinical nutrition 86,
s867-871.
Jensen, M. D., (2006). Adipose tissue as an endocrine organ: implications of its
distribution on free fatty acid metabolism. European Heart Journal Supplements 8
(Supplement B), B13–B19.
Johnson T.R., Koul S., Kumar B., Khandrika L., Venezia S., Maroni P.D., Meacham
R.B., Koul H.K. (2010). Loss of PDEF, a prostatederived Ets factor is associated
with aggressive phenotype of prostate cancer: regulation of MMP 9 by PDEF.
Molecular Cancer 9, 148.
Kaighn, M.E., Narayan, K.S., Ohnuki, Y., Lechner, J.F., and Jones, L.W. (1979).
Establishment and characterization of a human prostatic carcinoma cell line (PC3). Investigative urology 17, 16-23.
Kane, C.J., Bassett, W.W., Sadetsky, N., Silva, S., Wallace, K., Pasta, D.J., Cooperberg,
M.R., Chan, J.M., and Carroll, P.R. (2005). Obesity and prostate cancer clinical
risk factors at presentation: data from CaPSURE. J Urol 173, 732-736.
Kerbel, R. S., (2000). Tumor angiogenesis: past, present and the near future.
Carcinogenesis 21, 505–515.

46

Kern, P.A., Ranganathan, S., Li, C.L., Wood, L., and Ranganathan, G. (2001). Adipose
tissue tumor necrosis factor and interleukin-6 expression in human obesity and
insulin resistance. Am J Physiol-Endoc M 280, E745-E751.
Kern, P.A., Saghizadeh, M., Ong, J.M., Bosch, R.J., Deem, R., and Simsolo, R.B. (1995).
The expression of tumor necrosis factor in human adipose tissue. Regulation by
obesity, weight loss, and relationship to lipoprotein lipase. The Journal of clinical
investigation 95, 2111-2119.
Kershaw, E.E., and Flier, J.S. (2004). Adipose tissue as an endocrine organ. J Clin
Endocr Metab 89, 2548-2556.
Lazar-Molnar, E., Hegyesi, H., Toth, S., Falus, A. (2000). Autocrine and paracrine
regulation by cytokines and growth factors in melanoma. Cytokine 12:547-554.
Lin, D.W., Porter, M., and Montgomery, B. (2009). Treatment and survival outcomes in
young men diagnosed with prostate cancer: a Population-based Cohort Study.
Cancer 115, 2863-2871.
Manousos, O., Souglakos, J., Bosetti, C., Tzonou, A., Chatzidakis, V., Trichopoulos, D.,
Adami, H.O., and Mantzoros, C. (1999). IGF-I and IGF-II in relation to colorectal
cancer. International journal of cancer Journal international du cancer 83, 15-17.
Marette, A. (2002). Mediators of cytokine-induced insulin resistance in obesity and other
inflammatory settings. Current opinion in clinical nutrition and metabolic care 5,
377-383.
Margetic, S., Gazzola, C., Pegg, G.G., and Hill, R.A. (2002). Leptin: a review of its
peripheral actions and interactions. Int J Obesity 26, 1407-1433.
Mira, E., Lacalle, R. A., Buesa, J. M., González de Buitrago, G., Jiménez-Baranda, S.,,
and Gómez-Moutón, C., Martínez-A, C., and Mañes, S. (2004). Secreted MMP9
promotes angiogenesis more efficiently than constitutive active MMP9 bound to
the tumor cell surface. Cell Science 117, 1847-1856.
Mistry, T., Digby, J.E., Desai, K.M., and Randeva, H.S. (2007). Obesity and prostate
cancer: a role for adipokines. European urology 52, 46-53.
Murphy, R. A., Bureyko, T. F., Miljkovic, I., Cauley, J. A., Satterfield, S., Hue, T. F.,
Klepin, H. D., Cummings,S. R., Newman, A. B. and Harris, T. B. (2013).
Association of total adiposity and computed tomographic measures of regional
adiposity with incident cancer risk:a prospective population-based study of older
adults. Physiol. Nutr. Metab. 38, 1–6.
Nadler, R.B., Humphrey, P.A., Smith, D.S., Catalona, W.J., and Ratliff, T.L. (1995).
Effect of inflammation and benign prostatic hyperplasia on elevated serum
prostate specific antigen levels. The Journal of urology 154, 407-413.

47

Nelson, A.R., Fingleton, B., Rothenberg, M.L., and Matrisian, L.M. (2000). Matrix
metalloproteinases: biologic activity and clinical implications. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology 18,
1135-1149.
Okamoto, M., Lee, C., and Oyasu, R. (1997). Interleukin-6 as a paracrine and autocrine
growth factor in human prostatic carcinoma cells in vitro. Cancer research 57,
141-146.
Onuma, M., Bub, J.D., Rummel, T.L., and Iwamoto, Y. (2003). Prostate cancer celladipocyte interaction: leptin mediates androgen-independent prostate cancer cell
proliferation through c-Jun NH2-terminal kinase. The Journal of biological
chemistry 278, 42660-42667.
Pouliot, M.C., Despres, J.P., Lemieux, S., Moorjani, S., Bouchard, C., Tremblay, A.,
Nadeau, A., and Lupien, P.J. (1994). Waist circumference and abdominal sagittal
diameter: best simple anthropometric indexes of abdominal visceral adipose tissue
accumulation and related cardiovascular risk in men and women. The American
journal of cardiology 73, 460-468.
Pradhan, A.D., Manson, J.E., Rifai, N., Buring, J.E., and Ridker, P.M. (2001). C-reactive
protein, interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA : the
journal of the American Medical Association 286, 327-334.
Ribeiro RJ, Monteiro CP, Cunha VF, Azevedo AS, Oliveira MJ, Monteiro R,
Fraga AM, Principe P, Lobato C, Lobo F, et al: Tumor Cell-educated Periprostatic
Adipose Tissue Acquires an Aggressive Cancer-promoting Secretory Profile. Cell
Physiol Biochem 2012, 29:233-240.
Roach, M., 3rd, Lu, J., Pilepich, M.V., Asbell, S.O., Mohiuddin, M., Terry, R., and
Grignon, D. (1999). Long-term survival after radiotherapy alone: radiation
therapy oncology group prostate cancer trials. The Journal of urology 161, 864868.
Rodriguez, C., Freedland, S.J., Deka, A., Jacobs, E.J., McCullough, M.L., Patel, A.V.,
Thun, M.J., and Calle, E.E. (2007). Body mass index, weight change, and risk of
prostate cancer in the Cancer Prevention Study II Nutrition Cohort. Cancer
epidemiology, biomarkers & prevention : a publication of the American
Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology 16, 63-69.
Sacca, P.A., Creydt, V.P., Choi, H., Mazza, O.N., Fletcher, S.J., Vallone, V.B., Scorticati,
C., Chasseing, N.A., and Calvo, J.C. (2012a). Human periprostatic adipose tissue:
its influence on prostate cancer cells. Cell Physiol Biochem 30, 113-122.

48

Sacca, P.A., Creydt, V.P., Choi, H., Mazza, O.N., Fletcher, S.J., Vallone, V.B.F.,
Scorticati, C., Chasseing, N.A., and Calvo, J.C. (2012b). Human Periprostatic
Adipose Tissue: its Influence on Prostate Cancer Cells. Cell Physiol Biochem 30,
113-122.
Saglam, K., Aydur, E., Yilmaz, M., and Goktas, S. (2003). Leptin influences cellular
differentiation and progression in prostate cancer. The Journal of urology 169,
1308-1311.
Scardino, P.T. (1989). Early detection of prostate cancer. The Urologic clinics of North
America 16, 635-655.
Shih, W.J., Gross, K., Mitchell, B., Collins, J., Wierzbinski, B., Magoun, S., and Ryo,
U.Y. (1992). Prostate adenocarcinoma using Gleason scores correlates with
prostate-specific antigen and prostate acid phosphatase measurements. Journal of
the National Medical Association 84, 1049-1050.
Siegel, R., Naishadham, D., and Jemal, A. (2013). Cancer statistics, 2013. CA: a cancer
journal for clinicians 63, 11-30.
Simmons, M.N., Berglund, R.K., and Jones, J.S. (2011). A practical guide to prostate
cancer diagnosis and management. Cleveland Clinic journal of medicine 78, 321331.
Stearns, M., Tran, J., Francis, M.K., Zhang, H., and Sell, C. (2005). Activated Ras
enhances insulin-like growth factor I induction of vascular endothelial growth factor in
prostate epithelial cells. Cancer research 65, 2085-2088.
Steppan, C.M., Bailey, S.T., Bhat, S., Brown, E.J., Banerjee, R.R., Wright, C.M., Patel,
H.R., Ahima, R.S., and Lazar, M.A. (2001). The hormone resistin links obesity to
diabetes. Nature 409, 307-312.
Suganami, T., Nishida, J., and Ogawa, Y. (2005). A paracrine loop between adipocytes
and macrophages aggravates inflammatory changes - Role of free fatty acids and
tumor necrosis factor alpha. Arterioscl Throm Vas 25, 2062-2068.
Thompson, I.M., Pauler, D.K., Goodman, P.J., Tangen, C.M., Lucia, M.S., Parnes, H.L.,
Minasian, L.M., Ford, L.G., Lippman, S.M., Crawford, E.D., et al. (2004).
Prevalence of prostate cancer among men with a prostate-specific antigen level <
or =4.0 ng per milliliter. The New England journal of medicine 350, 2239-2246.
Toren, P., Mora, B.C., and and Venkateswaran, V. (2013). Diet, Obesity, and Cancer
Progression: Are Adipocytes the Link? Lipid Insights 6, 37-45.
Trayhurn, P., and Beattie, J.H. (2001). Physiological role of adipose tissue: white adipose
tissue as an endocrine and secretory organ. The Proceedings of the Nutrition
Society 60, 329-339.

49

Tritos, N.A., and Mantzoros, C.S. (1997). Leptin: its role in obesity and beyond.
Diabetologia 40, 1371-1379.
Unal, R., Yao-Borengasser, A., Varma, V., Rasouli, N., Labbate, C., Kern, P.A., and
Ranganathan, G. (2010). Matrix metalloproteinase-9 is increased in obese subjects
and decreases in response to pioglitazone. The Journal of clinical endocrinology
and metabolism 95, 2993-3001.
Venkatasubramanian, P.N., Brendler, C.B., Plunkett, B.A., Crawford, S.E., Fitchev, P.S.,
Morgan, G., Cornwell, M.L., McGuire, M.S., Wyrwicz, A.M., and Doll, J.A.
(2014). Periprostatic adipose tissue from obese prostate cancer patients promotes
tumor and endothelial cell proliferation: a functional and MR imaging pilot study.
The Prostate 74, 326-335.
Virtanen, K.A., Iozzo, P., Hallsten, K., Huupponen, R., Parkkola, R., Janatuinen, T.,
Lonnqvist, F., Viljanen, T., Ronnemaa, T., Lonnroth, P., et al. (2005). Increased
fat mass compensates for insulin resistance in abdominal obesity and type 2
diabetes: a positron-emitting tomography study. Diabetes 54, 2720-2726.
Wajchenberg, B.L. (2000). Subcutaneous and visceral adipose tissue: their relation to the
metabolic syndrome. Endocrine reviews 21, 697-738.
Wani AA, Jafarnejad SM, Zhou J, Li G. (2011). Integrin-linked kinase regulates
melanoma angiogenesis by activating NF-kappaB/interleukin-6 signaling
pathway. Oncogene 30:2778-2788.
Wang, Y.Y., Lehuede, C., Laurent, V., Dirat, B., Dauvillier, S., Bochet, L., Le Gonidec,
S., Escourrou, G., Valet, P., and Muller, C. (2012). Adipose tissue and breast
epithelial cells: a dangerous dynamic duo in breast cancer. Cancer letters 324,
142-151.
Wilcock, D.M., Morgan, D., Gordon, M.N., Taylor, T.L., Ridnour, L.A., Wink, D.A., and
Colton, C.A. (2011). Activation of matrix metalloproteinases following antiAbeta immunotherapy; implications for microhemorrhage occurrence. Journal of
neuroinflammation 8, 115.
Wisse, B.E. (2004). The inflammatory syndrome: the role of adipose tissue cytokines in
metabolic disorders linked to obesity. Journal of the American Society of
Nephrology : JASN 15, 2792-2800.
Witte, J.S., Goddard, K.A., Conti, D.V., Elston, R.C., Lin, J., Suarez, B.K., Broman,
K.W., Burmester, J.K., Weber, J.L., and Catalona, W.J. (2000). Genomewide scan
for prostate cancer-aggressiveness loci. American journal of human genetics 67,
92-99.
Wu, P., (2012). Cancer Related Inflammation and Tumor Angiogenesis, in Tumor

50

Angiogenesis, S. Ran, Editor. Intech. p. 197-212.
Xu, H.Y., Uysal, K.T., Becherer, J.D., Arner, P., and Hotamisligil, G.S. (2002). Altered
tumor necrosis factor-alpha (TNF-alpha) processing in adipocytes and increased
expression of transmembrane TNF-alpha in obesity. Diabetes 51, 1876-1883.
Xue, L., Yang, K., Newmark, H., and Lipkin, M. (1997). Induced hyperproliferation in
epithelial cells of mouse prostate by a Western-style diet. Carcinogenesis 18, 995999.
Yang, Y.K., Chen, M., Clements, R.H., Abrams, G.A., Aprahamian, C.J., and Harmon,
C.M. (2008). Human mesenteric adipose tissue plays unique role versus
subcutaneous and omental fat in obesity related diabetes. Cell Physiol Biochem
22, 531-538.

